This paper presents the results of a baseline survey undertaken for the Norfolk Island Carbon Health Evaluation (NICHE) project and analyzes the relationships among key variables hypothesized as affecting respondents' intentions to use a personal carbon trading (PCT) system. The survey was delivered to all households on Norfolk Island and gathered information on respondent's attitudes towards climate change, PCT and health, as well as demographic and household information. The intention of the study was to investigate the relationship between health and climate change and whether attitudes can be influenced by an understanding of one's carbon footprint prior to the roll out of a PCT trial.
Introduction
Obesity and greenhouse gas (GHG) emissions with the potential for inducing climate change are two modern and not unrelated world dilemmas 1, 2 . Obesity significantly increases the risk of chronic disease and impacts quality of life 3 and GHG emissions not only have the potential to impact the environment but also present one of the largest public health threats of the 21st centenary 4 . A common causality for both has been previously proposed in human behaviours e.g. personal inactivity through the use of carbon emitting fossilfuel powered transport, consumption of energydense, carbon intensive processed foods etc 5, 6 although this common link has not been widely canvassed in the literature. Given the relationship of causality it is reasonable to propose that a single intervention targeting behaviour change that reduces GHG emissions may prove beneficial to addressing both GHG emissions and obesity by encouraging more active transport and consumption of a healthier diet with less processed food.
Corporate Carbon Trading which is the currently favoured macro-economic option for reducing GHG emissions could have this effect if it sufficiently alters the economic levers to change corporate and individual behaviours. However corporate emissions make up only around 50-60% of total GHG emissions. An additional proposal to change individual behaviour even further is Personal Carbon Trading (PCT) because it changes the dynamics of the micro-economics at a closer and more relevant level for the individual 7 . Personal Carbon Allowances (PCAs) were first proposed by David Flemming 8 in the UK as an equitable means of reducing the 40-60% of carbon emissions that come from downstream sources i.e. households and individuals in a population.
PCT is a sub-category of PCA developed at Oxford University 9 and has been endorsed in part by the British Parliament with the recommendation that it be re-assessed at a later date, largely because of a lack of current confidence in its political acceptability 10 . PCT works by allocating to every individual an equal number of tradable energy units (personal carbon allowance -PCA) per year, based on about 40% of a total budget (that includes both personal and corporate quotas) set by a central budgetary council. Each unit is equivalent to 1 kg of carbon released through energy usage. Trade of units is conducted either through existing credit cards or through a carbon card system administered by banks. Individuals who are left with carbon credits (i.e., those who are frugal with non-renewable energy use) are then able to sell these back into the marketplace thereby gaining financial benefit. Those who overuse their quota pay a premium price for extra energy use. (A complete summary of the proposed practical applications of the scheme is available elsewhere 7 ). Fossil fuel powered transport is a major contributor towards carbon emissions and climate change 11 .
Reliance on Fossil fuel powered transport for individuals and its associated decrease in active forms of transport are also seen as a major contributor towards the obesity epidemic 12, 13, 14, 15 . Meat is the largest contributor towards climate change of any food source 16, 17, 18, 19 . Processed food and drink that contain sugars requires the second highest energy use of any food product behind meat 19 . An excess of animal based food products and highly processed energy dense food has been shown to increase the likelihood of obesity 20, 21, 22, 23, 24 . The rise in the prevalence of obesity has been linked to the increase in diabetes 25 . Other long term effects of obesity include increased risk of many cancers including cancer of the breast, endometrium, esophagus, kidney, pancreas, gall bladder, thyroid, ovary, cervix, and prostate, as well as multiple myeloma and Hodgkin's lymphoma 26 . In theory at least, the process of PCT might encourage less use of fossil fuel powered transport and more involvement in active forms of transport e.g. walking/cycling because of the increased 'real' cost of fossil fuel energy. PCT might also encourage lower consumption of meat and highly processed food and drink products that are associated with a higher prevalence of obesity, chronic disease and environmental impact due to the additional greenhouse gas emissions associated with these products.
A problem with the current status of PCT is the difficulty of testing this in a whole country before its introduction because of a lack of knowledge about its political acceptability and a lack of practical operational detail for such a system. The proposed idea however lends itself to testing within a 'closed' system, such as an island, where both environmental and health metrics can be accurately
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Copyright: the authorsmeasured. A difficulty with this is finding an island with an advanced enough economy, remote enough to be relatively closed and small enough to be manageable within a limited research budget. Norfolk Island off the east coast of Australia is such a location. The population of Norfolk Island is reasonably representative of other developed locations. It also meets all of the criteria listed above, making it ideal to test the concept and political acceptability of Personal Carbon Trading in a closed island community. This is discussed in greater detail in the next section. Following sections cover the development of the conceptual model, the survey and the results of the statistical analysis.
Research Background
The Norfolk Island Carbon Health Evaluation (NICHE) was established in 2011 with the following research objectives:  To assess whether personal carbon allowances are effective in reducing an individual's carbon footprint and what impact this has on health behaviours associated with obesity.  To assess the political acceptability of introducing personal carbon trading (PCT) system into a population as a tool for reducing carbon emissions.  To explore the relationship between positive health behaviours and pro-environmental behaviours.
Norfolk Island is a self-governing Australian protectorate. The size of the total resident population identified in the 2011 census was 1795, with 1368 residents being identified as over 19 years of age. It is a relatively small volcanic island (5 x 8 km), situated 1500km from the east coast of Australia and approximately 1200km from the northern tip of New Zealand. The local economy is largely driven by tourism, which peaked at 42000 visitors in 2001 and since declined to average of 24000 visitors annually over the past 4 years which has seen a significant downturn in the local economy.
The price of most commodities, especially electricity and fuel, are significantly higher than on the Australian mainland. Given the small nature of the island, locals are only required to drive small distances, some of which could easily be walked. Importation of common household items is expensive and with limited waste disposal facilities many items are reused numerous times before being thrown away. General observation suggest that the population is already very resource conscious and therefore further reductions in GHG emissions are likely to come through advances in technology or behaviours relating to consumption (including food) and means of transport. An intervention designed to further reduce GHG emissions might therefore encourage active transport behaviours.
This makes Norfolk Island a suitable environment to test the proposed research questions as inputs and outputs to the Island are more easily able to be measured than in other populations (e.g. Australia) and the project can be run as a community based initiative. Additionally, given that the population is already electricity conscious and reuses a lot of household items, it will help to identify what other behaviours may be influenced by a GHG emission reduction intervention which otherwise might not be recognised in other populations.
This paper aims to explore how an individual's attitudes and behaviours associated with their health, well-being, the environment, carbon emissions and climate change affects their intentions to use a personal carbon trading (PCT) system.
Conceptual Model
To understand what factors might possibly affect PCTS usage intentions and develop a conceptual model, examination of literature relevant to the research being undertaken focused on the following areas:
 Information systems success  PCT  Health and obesity  Carbon emissions and climate change  Links between obesity and an individual's carbon footprint
The literature on information systems success, PCT and the links between obesity and an individual's carbon footprint was of most relevance and underpinned the development of the conceptual model.
The following four PCTS models identified from the literature were also examined. These models were detailed in the literature which meant specific characteristics could be determined to be taken forwards in the system being rolled-out on the Island for the NICHE project. Following an examination of the relevant literature it was hypothesized that an individual's PCTS usage intentions are influenced by: 
The NICHE Survey
Data was collected via a questionnaire that was hand delivered to every house on Norfolk Island. It was in part based on survey items from existing surveys and publications including: Additional questions were developed by the NICHE research team to cover aspects of the research for which there were no existing studies
To assess PCT usage intentions a section of the survey included questions specifically related to users' acceptance of and satisfaction with a PCT. The questions and scales in this section of the survey were influenced in part by the questions used to test the user satisfaction and technology acceptance information system success models.
The survey had a number of sections and it was the following questions that were the items used in the analysis reported in this paper. The survey was open to any permanent resident of Norfolk Island or any long term nonresident over the age of 18. Five NGO's were employed to hand deliver a survey to every household on the Island. Completed surveys could be returned by mail, dropped off at the local post office or supermarket or picked up by NICHE staff.
In total over 400 responses were received which represents over 60% of occupied households on Norfolk Island and almost 30% of the population over 18 years of age.
Testing the Conceptual Model
The conceptual model in Appendix 1 shows four independent constructs predicting PCTS usage intentions, while there are five constructs shown on the structural model in Appendix 3. The fifth construct resulted from factor analysis of questions B1 to B13 and was labelled 'Optimism'. A review of the remaining four constructs lead to them being renamed. While similar to the constructs in the conceptual model, these factors were subsequently given labels to appropriately reflect the items that loaded on each factor identified in an exploratory factor analysis. The factors were labelled: The analysis of the model shows that 33.4% of the total variance in Usage Intentions towards a PCTS was predicted by the 5 blocks of variables.
The Self Health Evaluation, Health Consciousness, and Optimism blocks of variables were significant at the 95% confidence interval with 4.9%, 6.5%, and 6.4% of the total variance in Usage Intentions towards a PCTS explained by each block respectively.
The Environmental Consciousness block of variables was also significant and it explained the highest level of variance of any of the 5 blocks, accounting for 14% of the total variance in Usage Intentions towards a
PCTS.
The Environmental Action block of variables was not significant in this model and accounted for only 1.9% of the total variance.
Examination of the coefficient matrix showed that 5 of the 22 variables were individually significant in explaining the variance in Usage
Intentions towards a PCTS.
The variances explained by the individual variables that were significant are shown on the model in Appendix 3.
None of the variables in the Environmental Action block were significant, however variable B17 "I look to buy second hand over brand new" was close (p = 0.053). This block of variables explained only 1.9% of the overall variance in
Usage Intentions towards a PCTS.
Of the four blocks of variables that were significant, the following individual variables from each were significant at the 95% confidence interval or greater: Environmental Action and Usage Intentions towards a PCTS was not significant is of particular note. However given the focus of the broader project is the impact of an understanding of an individual's carbon footprint on their health, then it is expected that a significant relationship between these variables may become evident in the next stage of the project. That it is not significant from the analysis of the baseline data may be a stronger indication of misunderstanding surrounding PCTS than being truly reflective of the relationship between these two constructs. Thus the need to include this measure in the next stage of the study and the need for any researchers to consider its inclusion in future studies.
Discussion of the Results
Five factors were identified from the analysis as the independent variables to be entered to the regression model. The differences between the conceptual model and the regression model were the regression model showed Self Health Evaluation, Health Consciousness, Optimism and Environmental Consciousness were significant predictors of Usage Intentions towards a PCTS however Environmental Action was not. It was thought that Environmental Action would be significant as individuals who have positive environmental actions could reasonably be expected to have positive usage intentions towards PCTS and vice versa, hence its inclusion in the conceptual model.
Being found not to be significant has led to it being surmised that the positive environmental actions of the vast majority of Norfolk Islanders may result from financial reasons. Due to the geographic location of Norfolk Island all resources have to be shipped to the island and electricity, fuel and imported food are far more expensive than on the mainland. Because of this extra financial cost, residents are far more likely to have solar electricity and solar hot water systems and engage in positive environmental actions and behaviours regardless of their usage intentions towards PCTS. While some residents do engage in positive environmental actions for environmental reasons, it is thought that others do it out of necessity.
The unique characteristics of the Norfolk Island sample and their environment could mean they are atypical and their responses may not necessarily reflect the attitudes of respondents from other locations.
Another possible reason may be the 'valueaction gap' which can occur when an individuals' values and beliefs do not correlate with their actions.
This gap is especially prevalent in environmental policy where environmental beliefs do not always translate into behaviours and actions 34 . While this theory was not tested it is interesting to contrast Environmental Action with Environmental Consciousness. The latter variable measures an individual's attitudes and beliefs towards their carbon footprint and climate change as opposed to their behaviours. In the regression model, Environmental Consciousness explained the highest level of variance of all of the constructs.
While Environmental Action was found to be non-significant, it will still be investigated in the next stages of the project to assess users' usage intentions towards a PCTS after having used the PCTS that was developed for this study for 12 months. While it was not significant in the baseline, it is thought that an individual's understanding of their carbon footprint will inform their environmental behaviours as well as their attitudes to the environment and climate change.
NICHE researchers recognize that the survey that is reported on as the basis of this paper was a baseline survey to gather data on individual and household attitudes prior to the roll-out of a PCTS on the Island and that the significant predictors of Usage Intentions Towards a PCTS may change once the users have used the NICHE PCTS and more fully understand how their actions and behaviours affect their carbon footprint. As part of the next stage of the NICHE project an interim survey was conducted in late 2014.
The relationships reported in this paper between the constructs and the dependent variable were revisited to see if using a PCTS changes what constructs are significant predictors of usage intentions towards a PCTS. The data analysis from the follow-up survey is currently underway and will be reported at a later date.
Limitations of the study
The fact that Norfolk Island is a closed system makes it ideal for this study but it also presents some limitations.
While the population is reasonably representative of other developed locations its geographic isolation can reasonably be expected to affect attitudes and behaviours towards the environment, climate change and health.
Another limitation of the study is that the survey was administered to gather both household data and individual data. Since only one member of each household was required to fill out the survey it has to be recognized that the attitudes and beliefs reflect that person's views rather than the views held by all members of the household. Attempts were made to try and randomize the sample of residents from each household who filled out the survey. The age distribution of survey respondents was similar to the NICHE 2011 census however there were some differences, particularly in the 20 -29 year age band. A higher percentage of females (59.8%) filled out the survey for their household than males (40.2%). However, due to the high number of responses (n = 423) the survey could be held to be representative of the views of the broader population of Norfolk Island.
The unique nature of the NICHE study also makes it difficult to identify other research of this nature for comparative purposes. The lack of comparative research means that the conceptual model and the scales developed to measure the constructs were tested for the first time in this study. 'Optimism' was identified from the study and is a new construct that was not identified from any related literature. This suggests that there may be other constructs that could affect usage intentions towards PCTS that were not considered by the NICHE researchers.
A further limitation of the research was the anonymity of the NICHE survey. This did not allow researchers to follow up individual respondents or households with further questions. For example, it would have been interesting to follow up with respondents about the factor 'Environmental Action' and its non-significance in the model. This was an unexpected outcome of the research and may be a reflection of the individual survey items or could truly reflect the attitudes of those respondents.
It also needs to be recognized that this was a baseline survey to gather data on individual and household attitudes prior to the roll-out of a PCTS on the Island.
Implications and relevance for future research

Contribution to the Literature
A number of studies have looked at the political acceptability of PCT in different countries 34, 35, 36, 37, 38, 39, 40, 41, 42 . While most of this research has primarily focused on the UK in recent years several research projects have focused on political acceptability and the implementation of PCT in Australia 43, 44 . There has also been considerable research studying carbon emissions and climate change and the link between them. Much of this research has looked at individuals' beliefs surrounding the causes of climate change. Limited research has also looked at health and obesity and the causes behind and links between them.
However an extensive review of the literature was unable to identify research into how all of these factors fit together and influence an individual's usage intention towards PCTS. It is felt that the NICHE project is the first study of its kind to explore how an individual's attitudes and behaviours in these areas influence their usage intention towards a PCTS. This research is highly relevant to any future research in these areas and gives future researchers a solid foundation to further explore the relationship between these attitudes and behaviours and their effect on PCTS. .
Practical Implications
Capping emissions through the use of PCT is one of the main proposals put forward to reduce carbon emissions. The use of PCT has been proposed in many countries and has been implemented in the European Union (EU). There have been a number of studies that have looked at the level of support for PCT however there has been no research into what attitudes and behaviours affect these levels of support. The research reported here into what attitudes and behaviours affect an individual's usage intention towards a PCTS is highly relevant for researchers seeking to understand how PCTS will be accepted by a population as a whole.
As this appears to be the first research of its kind to measure usage intentions towards PCTS it will provide researchers with a validated model as a basis for future research. The scales that were developed to measure the constructs for the conceptual model will also provide a starting point for any future research of this nature 
Model Summary
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